In particular, adult patients with compound open bite have one of the most difficult problems to correct by orthodontics and oral surgery . Surgicalorthodontic correction of open bite malocclusion has frequently confused and frustrated clinicians, and severe open bite is a dentofacial deformity that has been reported to show one of the most marked tendencies to recur after treatmentr21 .
This report describes two cases of severe open bite of the Class I malocclusion type. Presurgical orthodontic treatment with alignment at the lower and upper arches was done for about 1 year, and the surgical procedure required mobilization of the mandible to close the open bite by sagittal split-ramus osteotomy. A comparison was then made of individual differences in these two similar cases, one of which showed partial relapse during retention, whereas the other did not. Two factors, one major and one minor, were identified as the cause of relapse.
Case Report Case 1 (Table 1 and Figs. 1-4) Clinical evaluation The patient, a 17-year-old Japanese female, was seen for orthodontic treatment at Nihon University Dental Hospital. Her chief complaint was an inability to chew because of anterior open bite.
Clinical evaluation of the patient and examination of the records led to a diagnosis of Class I skeletal open bite due to slight retrusion of the maxillary anterior teeth with protrusion of the mandibular anterior teeth. It was observed that no excessive gingiva was displayed during smiling. Dentally, the molars were in Class I occlusion. There was slight crowding of the upper anterior teeth and there was a dental open bite between the right and left premolars. The only posterior teeth in contact were the first and second molars. A reverse curve of Spee of the mandibular occlusal plane was also present. It was also felt that the tongue was relatively large. An association between tongue thrusting and open bite has been recognized. 
Treatment
The objectives of the treatment were reduction of the anterior facial height, alignment of the upper and lower dentition, and correction of the dental bite. The treatment plane devised to achieve the treatment goals called for presurgical orthodontic treatment to align the upper and lower dentitions and close the open bite by sagittal split-ramus osteotomy to rotate the mandible counter-clockwise. After presurgical orthodontic treatment, over-bite was -7 mm, and over-jet 2 mm.
The patient was admitted to the hospital on July 8, 1987 , and sagittal osteotomy was performed the following day. Fixation of the lateral segment of the mandible was by intraosseous wiring. After completion of the lateral osteotomy and inferior border osteotomy, the mandibular ascending ramus was split. The masseter muscle, the medial pterygoid muscle and the stylomandibular ligament were then detached. An attempt was made to rotate the mandible counterclockwise, but the desired occlusion could not be achieved because of the high tension of the muscles. Several vertical incisions were therefore made through the lateral periosteum to help achieve improved relaxation of the soft tissue. The dental intermaxillary fixation was removed 8 weeks after the operation. Postsurgical orthodontic treatment was planned as the final stage of active treatment.
Treatment results
Relatively little change was observed in the overall facial appearance. Since facial esthetics were not the chief complaint and were not severely compromised by the lack of occlusion prior to treatment, this surgical technique allowed us to obtain good functional occlusion. The patient reported no paresthesia 3 months after surgery. However, after postorthodontic treatment, partial relapse during retention was noticed. After 3 years, slight open bite was present in the anterior tooth area. Over-bite was -1 mm, and over-jet 1 mm, but the lower and upper arches were acceptable.
Case 2 ( Table 2 and Figs. [5] [6] [7] [8] Clinical evaluation The patient, a 20-year-old Japanese female, was examined for surgical treatment on November 28, 1989 at Kasukabe City Hospital. The patient had been undergoing orthodontic treatment for one year to correct her initial malocclusion. Her chief complaints were inability to chew with the front teeth, and severe crowding of the upper and lower incisors, Clinical evaluation of the patient and examination of the records at her private orthodontic clinic led to a diagnosis of Class I skeletal open bite. Over-bite Table 2 Cephalometric measurements in case 2 Cephalemetric Analysis was -6 mm, and over-jet was -2 mm. An upper right canine was impacted. Dentally, the molars were in Class I occlusion, and there was dental open bite between the right and left premolars. There was excessive palatal inclination and severe crowding of the upper incisors. The maxillary arch tended to be somewhat narrow and V-shaped, whereas the mandibular arch was wide and U-shaped.
Treatment
The objectives of treatment were reduction of the anterior facial height, alignment of the upper and lower dentition, and correction of the dental bite, as in case 1.
The plan devised to achieve the treatment goals called for presurgical orthodontic treatment of the upper and lower dentition, extraction of the upper right impacted canine, and sagittal split-ramus osteotomy to rotate the mandible counter-clockwise as in case 1. After presurgical orthodontic treatment, over-bite was -8 mm, and over-jet 0 mm. The patient was admitted to the hospital on August 10, 1989, and sagittal splitting osteotomy was performed the following day. Fixation of the lateral segment of the mandible was of the ridged internal type using 3 screws on each side. Dental intermaxillary fixation was removed 2 weeks after the operation. Postsurgical orthodontic treatment was planned in order to complete the therapy. This was expected to be minimal and of short duration because the presurgical orthodontic treatment had been satisfactory. Prosthetic replacement of the missing canine tooth was also recommended. Thus, use of sagittal splitting osteotomy alone proved to be sufficient.
Treatment results An improvement in overall facial esthetics was obtained. Furthermore, good functional occlusion was achieved through the efforts of the orthodontic-surgical team. The patient reported no paresthesia 2 months after surgery.
Discussion and Conclusion
A variety of surgical techniques have been used and advocated for the correction of open bite deformity [2, 3] . These include surgical manipulation of the anterior maxilla and mandible, posterior maxilla, simultaneous anterior and posterior maxilla, mandibular body, and ascending ramus.
Ramus surgery is often used in cases where the suprahyoid muscle restricts counter-clockwise surgical movement of the mandible, resulting in open bite]. Skeletal relapse after sagittal splitting osteotomy has been discussed by various authors [5] [6] [7] . However, KASAZAKI et al. [8] have reported the use of sagittal splitting osteotomy for severe skeletal open bite (over-bite of more than 10 mm), achieving good results without suprahyoid myotomy. This paper has described the application of sagittal splitting osteotomy for two cases of severe skeletal open bite, one of which showed partial postoperative relapse during retention at the anterior teeth, revealing an over-jet of 1 mm and an over-bite of 1 mm, whereas the other case did not.
Relapse was evaluated clinically and by cephalometric tracing. The cephalometric evaluation is illustrated in Figs. 9 and 10 . In each figure, the top panel shows the change produced by presurgical orthodontic treatment, the middle panel shows the change produced by surgery, and the lower panel shows the period from postsurgical orthodontic treatment until retention. The factors affecting relapse will now be considered by comparison of these two cases.
1) Dental factors In case 1, the results of presurgical orthodontic treatment, shown by cephalometric tracing superimposed on the cranial base, revealed some extrusion of the maxillary anterior teeth. After surgical treatment, for example, during dental intermaxillary fixation, a slight increase in the extrusion of the upper and lower incisors occurred. This phenomenon was due to the problem encountered in obtaining desirable occlusion, which made counter-clockwise rotation difficult. Therefore, it was necessary to perform forceful intermaxillary fixation.
In case 2, presurgical orthodontic treatment produced labial tipping of the anterior maxillary teeth, and slight extrusion of the anterior teeth occurred.
The presurgical treatment successfully corrected the former problem. How- ever, no attempt was made to correct the latter condition at that time, unlike case 1 in which extrusion was the aim of the presurgical treatment. After surgery, only the anterior mandibular teeth showed a tendency to relapse during retention. This result suggests that the presurgical orthodontic treatment was responsible for the extrusion of the anterior teeth. Therefore, in case 1, intermaxillary fixation may have been one of the causes of the relapsing tendency.
2) Skeletal factors (change in hyoid bone position) According to cephalometric tracing superimposed on the cranial base, pre-and postsurgical skeletal and hyoid bone positions moved forward and upward. During retention, the hyoid bone position returned to the surgical position and the mandible similarly revealed a tendency to relapse. In contrast, after surgical treatment in case 2, the hyoid bone position changed in a backward and upward direction, and the mandible moved forward and upward. WICKWIRE and his colleagues [9] mentioned that any repositioning of the mandible in Class II and Class III cases resulted in a change of position of the hyoid bone and associated musculature. From the present two cases, it also seems that there was some degree of skeletal relapse associated with the procedure of sagittal splitting osteotomy alone, but not exclusively. During retention, the hyoid bone moved towards the presurgical direction, but the mandible did not, suggesting that the hyoid bone which was moved during surgery showed a tendency to relapse towards the presurgical direction during retention, this movement being most distinct in case 1. This may have been due to the geniohyoid muscle gradually pulling the mandible downwards and backwards during active postsurgical orthodontic treatment.
3) Fixation of the sagittal split fragments In case 1, intraosseous wiring was performed, whereas in case 2 external rigid fixation with 3 screws on both sides was used. There are insufficient data for determining to what extent, if any, the method of fixation contributed to relapse. The amount by which the counter-clockwise rotation of the mandible would be restricted by the suprahyoid muscle and masticatory musculature could not be predicted. However, our experience with these cases suggests that selection of the most appropriate surgical procedure should be given more consideration when planning the treatment for cases of severe open bite.
